being in a state of tension and the inner layers largely maintained in a state of compression. The resultant of these stresses acting on the intact cartilage is zero because they are in balance (Kenedi et al. 1963 ). An incomplete fracture releases the interlocking stresses, and the cartilage bends to the unfractured side. Incomplete fractures can occur on both sides, resulting in an Sshaped deviation. In vitrostudies (Fry 1967) have shown that incompletely fractured cartilage will adopt its new position within thirty minutes, but in vivo studies show that the process of deformation continues for some months after the injury. This is especially marked in children, where the deformation increases with growth.
Effects on the nasalairway Nasal airway studies are not normally included in the investigation of the patient with a deviated nose, because in most instances the results would not alter the treatment proposed. The position of rhinometry today is comparable to the state of audiometry 40 years ago. There are a multiplicity of methods of measurement that one can use and many people interested in this field have designed techniques, none of which have achieved universal acceptance.
Any method of rhinometry should satisfy the following criteria: (1) There should be no interference with the anatomy of the nose. (2) Physiological air flows and pressures should be maintained.
(3) It should be comfortable for the subject. (4) It should be easy to perform.
(5) The results should be repeatable and the method clinically applicable. (6) It should be able to differentiate between anterior and main passage obstruction. The objective of rhinometry is simply to relate nasal pressure drop to nasal air flow.
There are four commonly employed methods: (I) The measurement of mouth pressure as a function of nasal air flow through the use of a pneumotachometer for air flow and a tube held in the mouth for pressure. Some individuals have difficulty in keeping the mouth in communication with the pharynx with this method. (2) Blowing of air through the nose and out of the mouth at known rates while measuring the pressure required. This offers the disadvantage of resorting to a form of nasal air flow not wholly representative of normal breathing.
(3) Measurement of pressure of one nostril and of function of air flow through the other nostril. Its disadvantage is the possible distortion of the breathing nostril and the fact that directing the entire air stream through one side of the nose is not physiological. (4) Body plethysmography.
(1) and (4) are reliable techniques, while (2) and (3) are subject to serious errors. The important anatomical characteristics of the airway for nasal breathing are: (1) A narrow constriction just beyond the nasal entrance. (2) A bend at or just beyond this constriction. (3) A large cross-sectional area of narrow width along the main nasal passage. (4) Communications with the paranasal sinuses along the main nasal passage. (5) A further bend and slight constriction at the nasopharynx.
The vestibular region of the nose acts as an inverted sampler. The air velocity becomes significantly large only very close to the nasal entrance. A reasonable airflow going through a nostril is 12.5 11m.
The average cross-sectional area of a nostril is 0.9 cm-, which gives an air velocity of 2-3 mlsec, and the flow is laminar because of the inherent stability of convergent flow. If the caudal end of the septum is dislocated the air velocity will increase only marginally because the cross-sectional area of the nostril will only be slightly altered.
The boundaries of the nasal passage continue to converge for 1.5-2 em, up to the end of the vestibular region. The passage also bends toward the horizontal, so the stream changes from vertical at the nasal entrance to horizontal beyond this constriction. The valve area has the smallest cross-sectional area, about 0.32 cm-, and the average velocity at this point is 6.5 m/sec.
The inspiratory flow rate does not increase indefinitely with decreasing nasopharyngeal pressure but reaches a plateau or limiting flow rate. This is the result of the collapse of the anterior passage walls when the negative static pressure at the valve area produced by high flow rates exceeds the supporting forces in the wall which tend to keep the passage patent. At high flow rates this induces a change to mouth breathing. The normal nose therefore has a built-in flow-limiting device. During rapid inspiration, if air flow reaches about 1-1.25 l/sec (i.e. three times quiet breathing) the pressure drop at the valve area is sufficient to produce collapse at the area, and additional effort produces no further increase in air flow.
If the septum is deviated at the valve area, therefore, the potential for airway obstruction is maximal. The valve area is also decreased when a nasal bone is depressed, since the underlying upper lateral cartilage is pushed in towards the septum.
Beyond the valve area there is an abrupt increase in cross-sectional area. The significant decrease in air velocity and the viscous retardation of air by the large surface area of the main chamber gives rise to a turbulent flow.
The major proportion of air passes between the middle meatus and septum above the inferior turbinate. If the septum is too close to the middle turbinate -a high deflection -then the obstructive effect will be great. A small amount of air entering along the septal wall of the nostril undergoes a significant change of direction and follows the floor of the main chamber. This is why fairly large spurs cause no real nasal obstruction, since only a small proportion of the air flow goes along the floor. A small fraction of the main stream breaks off upward and forms a standing eddy at the top of the chamber where the olfactory area is located.
At 12.51/min the velocity along the middle meatus is 2-3 m/sec and with the slight decrease in cross-sectional area at the nasopharynx the velocity increases to 4 m/sec. The convergence effect at the nasopharynx, however, reduces the level of turbulent motion.
If the choanae are abnormally large after, say, excessive removal of posterior ends the effect may be obstructive. The critical areas, therefore, that cause the maximum obstruction and require correction are deviations at the valve area, high deflections of the septum and perhaps excessively wide choanae.
Treatment
The treatment of an established deviation of the nose, as opposed to a recent fracture, presents many problems due to the tissue dynamics of healing.
If the bones are deviated they need to be re-fractured and replaced by osteotomies, but a post-traumatic osteotomy is not under the same control as in the unfractured nose (cosmetic rhinoplasty). The fracture tends to travel along pre-made lines, or, if the old fracture was comminuted, the bones may shatter or re-comminute. Sometimes the scar tissue joining the bone fragments together does not tear, leading to a partial separation and a tendency to redisplacement. When an osteotomy has to be performed through an area of ossified haematoma, then the fracture line may be erratic as it exits from the bony mass. The principle of doing the osteotomy high or low or counter the 'long' and 'short' sides is probably erroneous, because the osteotomy will only reopen old fracture lines. The more important step is to site the medial osteotomy correctly and to go along the old fracture line with as much precision as possible.
While postoperative plaster of paris dressings and intranasal packs are necessary to allow stable conditions for healing, it is unlikely that their use will alter the final result. Similarly, it would be difficult to prove the effectiveness of local steroid injections into the osteotomy sites in lessening re-displacement.
In the treatment of cartilaginous deviations it is essential to know whether the. patient's priority is for a straight nose or for a good airway. All patients would like both, but it is not always possible to provide this and in some instances, especially in a badly traumatized nose, it is often impossible to achieve a good result for both of these objectives.
For a dislocated caudal end, a tip deviation or a lateral angulation, the only satisfactory method of solving the problem is with a septoplasty. If the nasal skeleton is straight but the internal architecture altered by a dislocated septum, then a septoplasty with minimal trimming of the inferior edge is usually satisfactory. Residual convexities are dealt with by incisions on the concave side, making use of the principle of the release of interlocking stresses in the hope that the cartilage will straighten. While this works well in vitro the success rate in vivo is less than 50%. When the septum is fractured or thickened by resolved haematoma or cartilaginous absorption, however, it is preferable to excise the deviated thickened portions by a submucous resection.
It has long been held that nasal surgery in children should be delayed until about the age of 15, when facial growth has stopped. Experiments on young rabbits (Wexler & Sarnat 1961 ,Sarnat & Wexler 1966 )lend support to this view. These showed that the production of moderate size perforations in the septal cartilage of young rabbits led not only to a subsequent depression on the corresponding segment of the dorsum, but also to marked underdevelopment of the maxilla as a whole. This finding was not repeated when the same experiment was performed in adult rabbits (Sarnat & Wexler 1967) . Hartshorn (1970) produced the same sort of results when he did almost total cartilaginous septectomy in canine pups. The production of gross septal perforations can hardly, however, be equated with the uncomplicated standard submucous resection operation. Fuchs (1969) removed the mucoperichondrium from the septal cartilage in young rabbits without removing any bone or cartilage. This resulted in deviation of the septum to the operated side and underdevelopment of the nasal bones of that side. Bernstein (1973) carried out standard submucous resection operations on pups, keeping the mucoperichondrium intact, and found no effect on the growth of the snout and face.
From this it can be concluded that the important factor in facial growth is the mucoperichondrium. The gap left by excising cartilage in young pups fills with cartilage, but in adult dogs it fills with scar tissue.
It is probably fallacious to extrapolate findings in dogs to children, but it would seem that septal resection or re-position is safe to do, provided no mucoperichondrium is tom or lost. No studies have been done on the effect of gross nasal obstruction on nasal growth, but as a general biological principle loss of function causes failure of normal development. In a young child with a severe septal deviation it is the author's practice to perform a septoplasty, taking great care to avoid damaging the mucoperichondrium.
Summary
The pathology of the deviated nose is discussed in relation to its bony and cartilaginous components. The importance of the interlocking stresses within the septal cartilage is pointed out especially with respect to continuing deformation after trauma.
The methods of rhinometry are analysed and normal airflow through the nose is described. The effects on the nasal airway of a caudal dislocation of the septum, an angulation at the valve area, a high septal deflection and an excessively wide choana are discussed.
In the treatment of a deviated bony segment the difficulties of medial and lateral osteotomies are described. The indications for a septoplasty are thought to be a dislocated caudal end, a tip deviation and an external lateral angulation. The submucous resection of the septum should be reserved for resolved haematoma and cartilage absorption. The importance of the patient's priorities in deciding what operation to do are pointed out.
Finally the experimental work on the effect of cartilage and mucoperichondrium resection on nasal growth is reviewed. It is suggested that a child with a severe septal deflection and airway obstruction should be offered a septoplasty taking care not to damage the mucoperichondrium.
